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Role of Angiotensin II Subtype 1 Receptor in Smooth Muscle Cells
Apoptosis after Balloon Injury to Vessel
GENG WANG, GUO-XIANG HE, XIAO-HUI XU, GUO-CHAO WANG, TAO JIN
Department of Cardiology, Southwest Hospital, Third Military Medical University, Chongqing 400038, P.R. China

WANG ET AL.: Role of Angiotensin II Subtype 1 Receptor in Smooth Muscle Cells Apoptosis after Balloon Injury
to Vessel. In order to investigate the mechanism of smooth muscle cells apoptosis after balloon injury to vessel,
terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) and immunohistochemistry
were adopted to measure the percentage of vascular smooth muscle cell (VSMC) apoptosis and the expression of
angiotensin II subtype 1 receptor (AT1R). Compared with sham's, the expression of AT1R protein in vascular media
was significantly increased at 3 days after balloon injury (P<0.05), and then did not change significantly . At 7 days,
it was approximately twice in intima as that in media. At 28 days it reached its peak. VSMCs apoptosis occurred in
vascular media at 3 days after balloon injury and reached a peak in media and intima where apoptosis was mainly
present at 7 days, then decreased. At 28 days after balloon injury, only a few apoptotic cells were in intima. AT1R
antagonist (irbesartan) significantly increased VSMCs apoptosis. We thus conclude that AT1R is upregulated after
balloon injury and angiotensin II inhibits VSMC apoptosis by binding to AT1R. (J HK Coll Cardiol 2000;8:49-57)
Angiotensin II, receptor, vascular smooth muscle, apoptosis

Introduction
Recently vascular smooth muscle cells (VSMC)
apoptosis and apoptotic bodies were found in restenosis
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foci after percutaneous transluminal coronary
angioplasty (PTCA), but its mechanism and effect have
remained unknown. The studies in vivo and vitro showed
that angiotensin II (Ang II) induced VSMC migration
and hyperplasia by angiotensin II subtype 1 receptor
(AT1R) and played an important role in vascular intima
thickening after vascular endothelium denudated. No
data showed the role of AT1R in VSMC apoptosis
during vascular intima hyperplasia. The purpose of the
study was to evaluate the effect of AT1R in tissue on
VSMC apoptosis after balloon injury.
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Materials and Methods

Terminal Deoxynucleotidyl TransferaseMediated dUTP-biotin Nick End Labeling
(TUNEL) Assay

Animal Model
Forty-eight male Wistar rats, weighing 480~
520 g, were randomly divided into operated group (n=8
for each time point), irbesartan group (n=8) and shamoperated group (n=8). Balloon injury was performed
on rat common iliac artery according to the model of
Clowes et al.1 Rats were anesthetized with injection of
sodium pentobarbital (40 mg/kg I.P.). Then the right
groin area was prepared aseptically, and the right
femoral artery was exposed through a ventral incision.
A 2F balloon catheter was introduced into the right
femoral artery and advanced to the lower part of
abdominal aorta. The catheter was pulled back to
incision three times with the balloon distended with saline
to generate slight resistance. The right femoral artery
was ligated after removal of the catheter and the wound
closed. The balloon catheter was not inserted into the
artery of rats in the sham-operated group. The rats of
irbesartan group began to be treated with oral irbesartan
(30 mg/kg body wt per day) from 6 days before balloon
injury. Rats of operation group were killed at different
time point after balloon injury (3, 7, 14, 28 days after
injury), while those in irbesartan group and shamoperated group were killed in 14 days after injury.
The right common iliac artery was immediately
excised and immersion-fixed in 4% solution of
paraformaldehyde. After dehydration, arterial segments
were embedded in paraffin and cut into serial sections
(5 µm). Routine stains included hematoxylin and
eosin (H&E),Verhoeff iron-hematoxylin. The
determination of vascular intima and media area was
performed by a Leica MD20 image analysis system
(Germany).

Immunohistochemistry
Immunoperoxidase staining was performed on
5-µ-thick sections from paraffin-embedded blocks by
streptavidin peroxidase method. Mouse monoclonal
antibody anti-α smooth muscle (α-SM) actin for the
identification of smooth muscle cell (SMC) and rabbit
polyclonal antibody anti-angiotensin II subtype 1 receptor
were used as primary antibodies. AT1R expression in
arteries was determined by image analysis system. The
titer of AT1R was expressed with area density (ratio of
positive staining area to vascular total area).
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According to the direction (Boehringer
Mannheim, Germany), paraffin sections (5 µm) were
dewaxed and rehydrated, then permeabilized with
20 µg/ml proteinase K for 20 minutes. In a humidifying
chamber, the sections were incubated with TUNEL
reaction mixure(PBS as alternative in negative control)
for 1 hour and convert-POD for 30 minutes at 37oC,
then stained with diaminobenzidine and counterstained
with hematoxylin. The cell nuclei were counted under
light microscope and the percentage of TUNEL positive
cells were caculated by determining the positive nuclei
of total cells in the vascular wall.

Transmission Election Microscope
Arterial segments were fixed in 2%
glutaraldehyde in 0.1 mol/L sodium cacodylate. They
were stained en bloc in uranyl maleate for 1 hour, postfixed in 1% osmium tetroxyde, dehydrated, and
embedded in epoxy resin (Epon 812). Thin sections were
stained with uranyl acetate and lead citrate and
examined with Japan JEX-2000 transimission electron
microscope.

Statistical Analysis
Data were expressed as mean±SD. Statistical
comparisons among groups were performed with t
test.

Results
Thickening of Vascular Wall after Balloon
Injury
In sham-operated group, only one layer of
endothelial cells was in intima, and some fusiform SMC
in media (Figure 1A). At 3 days after injury, the media
became thicker and its area increased, while no
neointima and endothelium were formed. At 7 days,
neointima was formed. Then the intima thickening and
vascular caliber decreasing continued (Figure 1B), but
there was no significant increase in media area
(P>0.05).The intima thickening was significantly
lowered in irbesartan group(P<0.01) (Figure 1C)
(Table 1).
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Figure 1A. H&E staining showed only one layer
of endothelial cells in the intima of artery in shamoperated rats (X 200).

Figure 1B. H&E staining showed intima thickening
significantly at 14 days after balloon injury ( X 400).

Figure 1C. Verhoeff iron-hematoxylin staining
showed that intima thickening was significantly
lowered in irbesartan group than that in
untreated group ( X 400).
51
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Table 1. Change of Intima and Media Area of Artery
± SD, 104 µ m2)
after Balloon Injury (X±
sham
3 days
7 days
14 days
28 days
irbesartan

n
8
8
8
8
8
8

Media
5.49±0.42
8.17±0.61*
8.27±0.40*
8.44±0.61*
8.78±0.76*
7.84±0.64

Intima
<0.01
4.08±0.53
8.25±0.76
10.85±1.04
3.36±0.29

*P<0.01 vs sham; P<0.01 vs 7 days ; P<0.01 vs 14 days

Identification of VSMC and Change of VSMC
Apoptosis

Immunohistochemical stain of α-SM actin
showed positive staining in the plasma of subtotal
cells in media and all cells in hyperplasia

neointima (Figure 2), but no staining in negative
control.
Electron microscope was employed to provid
morphological evidence that SMCs undergo
apoptosis. Many cells were observed to be
characterized by pyknotic or fragmented nuclei
accompanied by margination and condensation of the
chromatin, and the cytoplasm showed condensation
and vacuolization, but actin fibers decreased, intact
membrane bud. Some apoptotic bodies were found
nearby the apoptotic cells. Most of apoptotic VSMCs
were in intima at 7 days and a few apoptotic VSMCs
were detected only in the superficial portion of the
intima at 28 days after injury(Figures 3A, 3B, 3C).
Meanwhile VSMCs of contractile and synthetic
phenotype were found in vascular wall.
There were no TUNEL-positive cells in
vascular wall in sham. At 3 days after balloon injury,

Figure 2. Immunohistochemical staining of
&alpha;-SM actin showed that subtotal cells in
media and all cells in neointima was positive (X
400).

Figure 3A. Electron microscope showed smooth muscle
cells of contractile phenotype. The cell membrane was
smooth. A lot of actin fibers and a few of organelles were
in plasma. The nuclear membrane was also smooth, and
chromatin scattered in nuclei (X 8000).
J HK Coll Cardiol, Vol 8
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Figure 3B. Electron microscope showed apoptotic cell
characterized by pyknotic or fragmented nuclei
accompanied by margination and condensation of the
chromatin, and the cytoplasm showed condensation and
vacuolization, but actin fibers decreased. Some
apoptotic bodies were found nearby the apoptotic cells
(X 6000).

Figure 3C. Electron microscope showed apoptotic
vascular smooth muscle cell characterized by intact
membrane budding (X 12K).

a few TUNEL-positive cells with brown nuclei
distributed in media representing 7.71% of the total
cells. At 7 days, the percentage of TUNEL-positive
cells in media significantly increased to 9.76% (P
<0.05) and that in intima was 41.02%. At 14 days,
the percentage of TUNEL-positive cells in media and
intima both decreased, and a few TUNEL-positive
cells were only present in intima at 28 days.
Irbesartan significantly elevated the level of TUNELpositive cells in intima (P<0.01) (Figures 4A, 4B,
4C) (Table 2).

granular positive immunohistochemical staining of
AT1R was present in sham vascular media, and in media
the staining increased at 3 days, but no change later.
The expression of AT 1 R protein in intima was
approximately 2 times as much as that in media at 7
days. The expresion of AT 1 R protein in intima
continuously increased with time and reached its peak
at 28 days (Figures 5A, 5B, 5C, 6).

Change of AT1R Protein in Vascular Wall after
Balloon Injury

Actin fibers are characteristic of VSMC and antiα-SM actin monoclonal antibody is characteristic
antibody of VSMC. In the experiment, it has been

There was no staining in negative control. Brown
53
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Table 2. Percentage of TUNEL-positive Cells in Artery
±SD)
at Various Time Point after Balloon Injury (X±
sham
3 days
7 days
14 days
28 days
irbesartan
∆

n
8
8
8
8
8
8

Media (%)
0
7.71±1.37
9.76±1.60∆
8.05±0.50
0
10.09±1.52

Intima (%)

41.02±3.70
17.94±1.52
5.05±0.32
53.23±5.02 

P<0.05 vs 3 days; P<0.05; P<0.01 vs 7 days; P<0.01 vs 14

days

Figure 4A. TUNEL staining showed a lot of TUNEL-positive
cells in neointima at 7 days after balloon injury ( X 400).

Figure 4B. TUNEL staining showed positive cells decreasing
significantly at 28 days after balloon injury (X 400).

Figure 5A. Immunohistochemical staining of AT1R showed
no staining in negative control ( X 400).

Figure 4C. TUNEL staining showed the level of TUNELpositive cells increasing significantly in intima in irbesartan
group (X 400).

Figure 5B. Immunohistochemical staining of AT1R showed
a few of brown positive granule in media at 3 days after
balloon injury (X 400).
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Figure 5C. Immunohistochemical staining of AT1R showed
plenty of patchy positive staining in intima at 28 days after
balloon injury (X 400).

MEDIA



INTIMA


*

*p<0.05 vs Sham; p<0.01 vs 7d; p<0.01 vs 14d

Figure 6. Change of AT1R in media and itima of artery after
balloon injury.

proved that subtotal cells in media and all cells in
neointima have the nature by electronic microscope and
SM α-actin immunohistochemical staining. So we are
sure that those cells are VSMCs.
The mechanism of restenosis after angioplasty
was thought relating to the hyperplasia of vascular
intima led by the migration and proliferation of VSMCs.
Clowes et al1 found that VSMCs proliferation persisted
at a high level (3.8%) at the surface of the intima lacking
endothelium even at 12 weeks after balloon injury and
the level of proliferation should produce a 36% increase
in cell number, but total arterial SMC number was the
same at 2 and 12 weeks, so it was presumed that there
might be death of some cells in the vascular wall in the
model.
The ultrastructural features in the model showed
some apoptotic SMCs besides SMCs of contractile and
55

synthetic phenotype in media and intima of artery. There
was no TUNEL-positive cell in the vessel of the sham
group. TUNEL-positive cells occurred in media at 3
days after balloon injury, and reached their peak in
media and intima at 7 days, then declined. Only a few
TUNEL-positive cells were in intima, and none in media
at 28 days. Our experiment suggests that VSMC
apoptosis participate in the hyperplasia of neointima
and media after vascular endothelial injury. The cell
death concluded by Clowes is not necrosis but apoptosis.
The cells accumulated in neointima should be the sum
of VSMCs migration, proliferation and apoptosis. The
level of VSMC apoptosis we observed is higher than
that by Bathaton-Piallat et al2 in thoracic aorta of rat
after balloon injury, while similar to that by Han et al3
in iliac artery of rat after balloon injury. The discrepancy
may be caused by rat's age,injured place and degree.
Isner et al 4 have observed apoptotic VSMCs in
restenosis focus of human peripheral and coronary
arteries after angioplasty by electronic microscope and
TUNEL, so it is demonstrated clinically that VSMC
apoptosis is a pathological characteristic of restenosis.
In our experiment, the level of VSMC apoptosis
was lower than that of VSMC proliferation reported by
others1,3 in media and neointima at each time point after
balloon injury, and gradually declined when neointima
hyperplasia was more serious, which demonstrates that
down-regulation of VSMC apoptosis is an important
reason for vascular intima hyperplasia after balloon
injury. Bauriedel et al5,6 also conclude from their finding
that the density of apoptosis bodies is inversely
correlated with intimal cellularity in restenosis focus
of human coronary arteries. Moveover, it is
demonstrated by the fact that AT 1 R antagonist
(irbesartan) increased the level of VSMC apoptosis and
inhibited vascular intima hyperplasia in our experiment.
It is suggested that vascular intima hyperplasia will be
inhibited when the level of VSMC apoptosis and
proliferation are kept balance. Recently the transfer of
gene to achieve the goal has been practiced in some
laboratories.7-9
It has been documented that there is local reninangiotensin system(RAS) distributing in vascular wall
and Ang II promotes VSMC hyperplasia in injured
arterial wall, so local RAS plays an important role in
the formation of neointima of rat's arterial wall.10,11 Ang
II has two subtypes of ATR(AT1R and AT2R). AT1R
has been documented to be closely related to the role of
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Anga in the formation of neointima. We tried to learn
the role of AT1R in VSMC apoptosis after balloon injury
in the experiment.
Deblois et al 12 found that VSMC apoptosis
increased in spontaneously hypertensive adult rats
treated with oral AT1R antagonist Losartan(30 mg/kg/
d) before blood pressure lowered. Our experiment
showed that AT1R in neointima increased after balloon
injury as time went on and reached its peak. The more
AT1R expressed in neointima, the more biological effect
of Ang II was brought into, 13 while the less VSMC
apoptosis appeared in neointima. So we can conclude
that Ang II binding to AT1R inhibits VSMC apoptosis
besides promoting its proliferation. It is also
demonstrated by the fact that irbesartan increased
VSMC apoptosis and inhibited the formation of
neointima. Dimmeler et al14 reported that Ang II dosedependently induced apoptosis of human umbilical
venous endothelial cells (HUVES). Lack of vascular
endothelial cells is an important reason for the formation
of neointima and restenosis. Ang II is an important
active factor of promoting the formation of neointima
after balloon injury because it inhibits VSMC apoptosis
and the regeneration of vascular endothelial cells, while
promoting VSMC proliferation. So selective angiotensin
II subtype 1 recepter inhibition can prevent the
formation of neointima after balloon injury and
restenosis after angioplasty. The mechanisms of Ang II
binding to AT1R inhibiting VSMC apoptosis remain to
be explored and possibly are as follows: 1) cGMPdependent signaling pathways are inhibited. It was
reported that Ang II inhibit VSMC apoptosis induced
by the cGMP-dependent protein kinase I α.15 2) Ang II
stimulates the production of survival factors and their
receptors in VSMC that inhibit VSMC apoptosis,
including platelet-derived growth factor(PDGF),
insulin-like growth factor-1 (IGF), transforming growth
factor β (TGF-β), basic fibroblast growth factor (bFGF)
and endothelin (ET). 16-18 3) Ang II stimulates the
production of specific extracellular matrix molecules
such as osteopontin which binds to the αγ β3 integrin
receptor and inhibits VSMC apoptosis by modulating
intracellular protein tyrosin phosphatase activity.19
4) Ang II regulates VSMC apoptosis by changing the
expression of apoptosis-related gene.
It was reported that AT2R transfection promotes
cell apoptosis by inhibiting VSMC extracellular signal
regulated kinase(ERK).20 AT1R antagonist raises the
J HK Coll Cardiol, Vol 8

blood level of Ang II.21 So we propose that the effect of
irbesartan promoting VSMC apotosis is related to more
Ang II binding to AT2R after AT1R is antagonized.
Our experiment showed that the level of VSMC
apoptosis in media was significantly different at each
time point, but that of AT1R in media was not. The level
of AT1R in media was lower than that in neointima, but
the level of VSMC apoptosis in media was also lower
than that in neointima. The phenomenon may be related
to the fact that the level of VSMC apoptosis is influenced
by a lot of factors besides Ang II.
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